The enzyme a,a'-glucoside 1-glucohydrolase, which catalyzes the hydrolysis of trehalose, was isolated from Streptomyces hygroscopicus and was purified approximately 80-fold. The enzyme was completely specific for trehalose as substrate. None of the other naturally occurring glucose disaccharides exhibited any significant activity. The pH optimum for enzymatic activity was found to be 6.5 and the Km was estimated to be approximately 1.8 X 10-2 M. The product of the reaction was identified as D-glucose by chemical, chromatographic, and enzymatic methods. The presence of this enzyme was demonstrated in several species of Streptomyces and related organisms.
Trehalose is found in many organisms, such as yeasts, insects, fungi, and bacteria, where it functions as a reserve carbohydrate. Trehalase activity has been detected in most of these or- ganisms. An excellent review of trehaloses and trehalases has been made by Birch (4) . More recently, trehalose synthesis (21) and metabolism (5) in the cellular slime mold Dictyostelium discoideum have been described. As reported in a previous communication (6) , an enzyme which catalyzes the transfer of glucose from guanosine diphosphate-D-glucose (GDPG) to glucose-6-phosphate has been isolated from Streptomyces hygroscopicus. The purification and properties of this new enzyme have been reported in another communication (in preparation). This enzyme was also detected in a number of other Streptomyces species (7) . In each of these organisms, it was shown that the vegetative mycelia contained readily detectable amounts of trehalose, which was characterized by its physical properties following crystallization.
The present report deals with the purification and properties of a specific trehalase (a, a'-glucoside 1-glucohydrolase) from S. hygroscopicus as well as with the demonstration of trehalase activity in a number of other Streptomyces species.
MATERIALS AND METHODS
Materials. All chemicals were obtained from commercial sources unless otherwise indicated. A lyophilized culture of Leuconostoc mesenteroides NRRL B-1424, which produces a dextran from which kojibiose and isomaltose were isolated, was kindly supplied by Allene R. Jeanes of the U.S. Department of Agriculture. The culture was maintained as previously described (12) . Kojibiose and isomaltose were isolated by acetolysis (25) . Nigerose was obtained by hydrolysis of nigeran (3) and laminaribiose from hydrolysis of laminarin (20) . Sophorose was a gift from H. G. Fletcher of the National Institutes of Health. Calcium phosphate gel was made by the method of Keilin and Hartree (14) Chromatographic solvents were solvent I, propan-lol-ethyl acetate-water (7:1:2); solvent II, butan-l-olacetic acid-water (8:1:1); solvent III, butan-l-olpyridine-water (6:4: 3). Sugars were detected on chromatograms by use of the alkaline silver nitrate reagent (26) .
Culture conditions. S. hygroscopicus was grown as previously described (6) . After Calcium phosphate gel treatment. To 33 ml of the ammonium sulfate fraction, 49.5 ml of calcium phosphate gel (15 mg/ml) was added. The mixture was allowed to stand for 15 min and then was centrifuged. The supernatant fluid was discarded and the gel was resuspended in 50 ml of 0.04 M potassium phosphate buffer, pH 6.5. The gel suspension was stirred mechanically for 30 min and then was centrifuged. The enzymatic activity was released from the gel and was recovered in the supernatant fluid.
Second ammonium sulfate fractionation. To 50 ml of the supernatant liquid from the above treatment, 12.1 g of solid ammonium sulfate (40% saturation) was added. The precipitate was removed by centrifugation and discarded, and an additional 5.1 g of solid ammonium sulfate (55% saturation) was added to the supernatant liquid. The precipitate was removed by centrifugation, dissolved in 10 ml of distilled water, and dialyzed overnight against distilled water.
Hydroxylapatite chromatography. A 10-ml amount of the second ammonium sulfate fraction was applied to a column (1.5 X 6 cm) of hydroxylapatite, which had previously been equilibrated with 0.001 M potassium phosphate buffer (pH 6.5). The column was washed with 50 ml of 0.001 M potassium phosphate buffer, pH 6.5. The enzyme was eluted stepwise with 50-ml portions of 0.01 M, 0.02 M, and 0.03 M potassium phosphate buffer (pH 6.5). Enzymatic activity was removed at 0.03 M. With this procedure, the enzyme was purified approximately 80-fold with 10% recovery (Table 1 ). This enzyme fraction was used in all of the following experiments.
The enzyme was found to be stable to freezing at all stages of purification. The purified enzyme showed no loss in activity after storage at -20 C for 4 weeks and could be frozen and thawed several times with no significant loss of activity.
RESULTS
Effect of time, enzyme concentration, and substrate concentration. The hydrolysis of trehalose was linear with respect to time and enzyme concentration (Fig. 1) . The rate of the reaction was proportional to trehalose concentration to 1.2 x 10-2 M, and the K,0 was estimated to be 1.8 X 10-2 M (Fig. 2) .
Effect of pH. Figure 3 illustrates the effect of pH on the rate of hydrolysis of trehalose. The optimal pH in cacodylate buffer was found to be approximately 6 did, however, exhibit a slight activity towards trehalosamine.
Detection of trehalase activity in Streptomyces other than S. hygroscopicus. Table 4 shows the specific activities of trehalase in various species of Streptomyces and also in two other actinomycetes. It can be seen that, to a greater or lesser extent, the enzyme is present in all of the species thus far examined. It should be noted, however, that although the relative specific activities differed as much as 100-fold, all of the values were significant. (17, 19) , insects (8, 22) , and Neurospora (10) .
Trehalose has been found in large quantities (15% of the total carbohydrate) in Neurospora spores (23) . A trehalase has been crystallized from the mycelia (10), and it has been shown that, although trehalase activity is present in spores, there is a great increase in the amount of enzyme upon germination (9) .
Similarly, trehalose is also present in high concentration in the spores of the cellular slime mold D. discoideum. On germination, trehalase activity increases markedly. Trehalose is rapidly hydrolyzed and the glucose formed is further metabolized (5).
Very low levels of trehalase activity have been found in the spores of S. hygroscopicus. The level of this enzyme in germinating spores has not yet been determined. In addition, the levels of trehalose present during germination have not been examined. However, as trehalose appears to be a reserve carbohydrate in many organisms, this may be its function in Streptomyces.
It is interesting to note that trehalosamine inhibits the germination of the spores of D. discoideum (5) . Trehalosamine has also been found to exert an antibacterial effect against mycobacteria (1). In the present study on the trehalase from S. hygroscopicus, preliminary evidence indicates that trehalosamine can act not only as a substrate for trehalase but also as an inhibitor of trehalase when trehalose is used as substrate. Presumably, therefore, trehalosamine acts as a competitive inhibitor.
An enzyme which catalyzes the cleavage of trehalose phosphate to trehalose and inorganic phosphate has also been detected in crude extracts of S. hygroscopicus, but the specificity of
